determine the optimal femoral component rotation to achieve an ideal rectangular fl exion gap with a modifi ed measured resection technique and minimal medial collateral ligament (MCL) release.
Materials and Methods
Sixty patients (72 cases) who underwent TKA with minimal MCL release for medial osteoarthritis at our institution between June 2009 and February 2010 were enrolled into group I. Fortyeight patients without osteoarthritis were enrolled into group II. In group I, the mean age of the patients was 68.1 years (range, 52 to 93 years) and the exclusion criteria were severe defects including femoral condylar hypoplasia and osteonecrosis. In group II, the mean age of the patients was 53.8 years (range, 22 to 71 years). In group I, 12, 33, and 27 cases were ≤60, 61-70, and ≥71 years of age, respectively. In group II, 21, 20, and 20 cases were ≤50, 51-60, and ≥60 years of age, respectively. Th ere were 8 males and 52 females in group I and 16 males and 32 females in group II. Preoperatively, a computed tomography (CT) scan was carried out with the knee fl exed to 90 o in all of the patients and measurements were performed using a Picture Archiving Communication (PAC) system. During the CT scan, a plaster cast was used to keep the 90 degree knee flexion position and the knee joint was maintained in the gravitational weight of the lower limb. The angles created by the mechanical axis of tibia, Whiteside line, posterior condylar line, and transepicondylar line were measured on the CT images and compared ( Fig. 1) . In group I, TKA was performed with minimal MCL release alone and external rotation angles of the femoral component relative to the posterior condylar line and Whiteside line were measured after distal femur resection (Fig. 2) . In the minimal MCL release, the anterior portion of the superficial medial collateral ligament, some deep medial collateral ligaments, and posteromedial capsule were included, not the posterior portion of 
Results
In group I, relative to the tibial mechanical axis, the Whiteside line, posterior condylar line, and transepicondylar line were internally rotated by a mean of 5. Statistically significant differences were found between group I and group II regarding the mean angles between the tibial mechanical axis and the Whiteside line, the posterior condylar line, and the transepicondylar line (p=0.000). In each group, no statistically signifi cant diff erences were found regarding the age.
In group I, a modified measured technique was used with minimized MCL release and external rotation of the femoral component relative to the posterior condylar line and Whiteside line was measured, which was a mean of 5. Fig. 6 ).
Discussion
Rotation alignment of the femoral component in TKA is essential for the stability of the tibiofemoral joint. Insufficient external rotation of the femoral component has been associated with subluxation or dislocation of the patellofemoral joint and loosening and wear of the patellar component tibial components 6, 10) . Excessive MCL release for flexion contracture of the tibiofemoral joint compromises stability of the knee aft er TKA. To prevent ligamentous instability caused by over-release, Clayton et al.
3) recommended staged release and Dixon et al. 11) reported that proper release could be obtained with use of shift & resection technique. However, determining a proper release is challenging because when the semimembranosus and pes anserinus tendons are over-released, the flexion gap becomes larger than the extension gap 3, 12) . Although the transepicondylar axis has been known as a reliable reference to determine the rotational alignment of the femoral component in TKA 13) , it is covered by soft tissue making intraoperative measurements difficult. The Whiteside line was externally rotated relative to the posterior condylar line In osteoarthritis patients by 3.89 o in the study of Whiteside and Arima 14) and by 3.08 o in the study of Poilvache et al. 10) . In our study, the value was 9. Table   2 . The change in the mediolateral flexion gap was found to be correlated with the femoral component size. Th erefore, it is our understanding that when the femoral epicondyle is small, the external rotational angle should be larger than the average and when the femoral condyle is large, the angle should be smaller than the average to obtain a proper fl exion gap.
Conclusions
This study showed that the mean external rotation of the femoral component to achieve an ideal rectangular flexion gap with minimal MCL release in TKA for medial osteoarthritis is 5.6 o from the posterior condylar line and 2.0 o from the Whiteside line. On the analysis of the relationship between the femoral component size and the external rotation using an Auto-CAD program, there were positive correlations between the external rotation angle and the mediolateral flexion gap change and between the femoral component size and the mediolateral flexion gap change at the same rotation angle. We recommend that greater than average external rotation should be applied for small-sized femoral components and less than average external rotation should be applied for large-sized femoral components to achieve an ideal fl exion gap.
